OBJECTIVE -The purpose of this study was to determine whether multidisciplinary teambased care guided by the chronic care model can reduce medical payments and improve quality for Medicaid enrollees with diabetes.
T
he Institute of Medicine has cited the growing prevalence of individuals with chronic conditions and deficiencies in chronic care management as two of the biggest challenges facing the U.S. health care system (1) . Individuals with chronic conditions account for disproportionately high health care costs, often experience losses in productivity, and, on average, receive only 56% of recommended care (2) (3) (4) . Health care organizations increasingly have implemented quality improvement strategies targeted at better management of chronic conditions. The strategies generally fall into two categories: first, the chronic care model (CCM) advocates redesign of care delivery at the practitioner level using evidencebased guidelines, multidisciplinary treatment teams, decision support systems, and planned visits (5); and second, disease management, typically implemented through health plans (either directly or via disease management vendors), provides primarily telephonic interactions via remotely located nurses with the objective of improving patients' selfmanagement skills (6) . In contrast to the CCM approach, which advocates delivery system redesign, disease management is primarily a means of supplementing care provided in physician's offices (7) .
Multiple studies have documented the effectiveness of CCM-and disease management-based strategies in improving quality of care (8 -10) . Advocates of quality improvement strategies have hypothesized that improvements in chronic care management could also result in financial benefits through the prevention or delay of expensive complications (11) . However, results from empirical studies examining cost savings from CCM and disease management programs have been inconclusive (12) (13) (14) (15) (16) . The evidence suggests that although quality improvement initiatives have the potential to result in better quality of care, it is uncertain whether these strategies will lead to lower costs. Given the substantial financial burden imposed by chronic conditions on patients, payers, and employers, assessment of the financial impact of chronic care management strategies remains a key health policy issue.
In 1998 the Bureau of Primary Health Care, began a 6-year effort, known as the Health Disparities Collaboratives, to improve the quality of care in federally qualified community health center (FQHCs) (17) . As part of this initiative, the federal government provided funds and technical assistance to FQHCs to implement team-based, patient-centered, primary care to individuals with chronic conditions. The initiative included "Breakthrough Series" training programs for clinic personnel provided by the Institute for Healthcare Improvement, in conjunction with the Improving Chronic Illness Care organization (18, 19) . The Breakthrough Series targets redesign of a provider's delivery system to be consistent with the CCM by use of a rapid cycle quality improvement process (Plan, Do, Study, Act). CareSouth, a private non-
profit FQHC, providing primary health care services in 10 clinics in and around Hartsville, South Carolina, was an early participant in this program and began implementation in 1999. The objective of our study was to assess the impact of CareSouth's program on short-term Medicaid payments (and also Medicare payments for beneficiaries with dual eligibility) and on key clinical diabetes indicators.
RESEARCH DESIGN AND METHODS

Clinical intervention
CareSouth serves 35,000 patients in an area that is rural, predominantly low income, African American, and elderly. The intervention used collaborative teambased treatment with teams comprising a physician or nurse practitioner, care manager (RN or LPN), medical assistant, information specialist, and a part-time social worker. To facilitate continuity of care, patients are assigned to specific teams. Guided by evidence-based treatment protocols, the teams provide care via planned visits capitalizing on the relevant expertise of each team member (20) . In addition to providing medical management, the teams encourage and facilitate patient selfmanagement. The staff also provides telephone support to answer patients' questions and check on their progress.
The intervention incorporates the Bureau of Primary Health Care-provided Patient Evaluation and Care System (PECS) patient registry system, which captures key clinical and administrative information at the patient level and is available to clinicians at the point of service. The system prompts key guideline requirements to practitioners (e.g., screening for A1C), provides up-to-date test results, and facilitates planned visits addressing multiple diseases, including asthma, cardiovascular disease, depression, and diabetes. CareSouth's program was pilot tested in one site in 1999 and gradually rolled out to their remaining clinics over 4 years. Our primary outcome variable for the financial analysis was the difference between 1-year costs before and after the start of the intervention. Therefore, to be included in the analysis, individuals were required to be continuously enrolled in Medicaid during the entire pre-and postperiods and to have had a diagnosis of diabetes, defined as a claim with an ICD-9-CM code for diabetes, before the start of the preperiod. The intention of the latter criterion was to include only patients who were receiving treatment for diabetes in both the pre-and postperiods. Because entry of registry data only commences when a CareSouth patient begins participation in team care, we used each patient's initial date of registry data as the starting point of the intervention.
Data
We identified 2,572 patients with type 2 diabetes in the CareSouth registry. Of these, 621 had a Medicaid claim at a CareSouth clinic. Limiting these to patients who were continuously enrolled in Medicaid during the pre-and postperiods reduced the sample of CareSouth patients to 399. Further restricting the sample to patients in whom diabetes was diagnosed Ͼ1 year before the start date of the intervention yielded 199 patients meeting all inclusion criteria. We identified 43,133 potential control patients with type 2 diabetes among Medicaid claims. Of these, 36,213 were eligible for Medicaid throughout the pre-and postperiods, and only 8,179 had at least one clinic visit. Limiting eligibility to patients with a clinic visit to a FQHC without team-based care reduced the sample to 3,140, and further restriction to patients in whom diabetes was diagnosed Ͼ1 year before the start date of the intervention yielded a potential sample of 1,868 control patients.
Propensity score matching There were differences between the 199 patients treated at CareSouth clinics and the other 1,868 Medicaid patients used as control patients. Our initial analysis of patient characteristics showed that CareSouth patients were typically older than control patients (P Ͻ 0.0001), were less likely to be African American (P Ͻ 0.001), and had more severe comorbidities (P Ͻ 0.0007) as measured by the Charlson Comorbidity Index (21, 22) . To control for these differences, we further refined our selection of control patients using propensity score matching. Patients were matched on the following characteristics: age, sex, race, dual eligibility, use of antidepressants, and the Charlson Comorbidity Index.
The propensity score matching proceeded in two steps. In the first step, the likelihood of being a CareSouth patient was modeled in a logistic regression as a function of the characteristics described previously. From this regression, the predicted probability, or propensity score, was computed for each patient. Given the relatively small number of CareSouth patients, we selected control patients using a nearest neighbor matching method, which selects a control patient who has the closest propensity score to the CareSouth patient (23) . Matching was done by clinic and without replacement, and we chose only one control patient per patient to ensure balance in a way that is both conservative and enhances the interpretability of results. Once matched control patients were selected, we verified that the distribution of covariates matched that of the CareSouth patients. The final sample for the financial analysis consisted of 193 CareSouth patients and 193 control patients. We were unable to find matched control patients for 6 CareSouth patients.
Analysis of financial data
Our statistical analysis was designed to compare total Medicaid payments for patients enrolled in the CareSouth program to the propensity score-matched Medicaid patients who did not receive teambased care. For patients who were dually eligible, payments included the sum of Medicaid and Medicare payments. Our analysis included assessment of both total payments and subcategories: inpatient hospital payments, outpatient hospital payments, nonhospital outpatient pay-ments, and pharmacy payments. Financial data included the sum of Medicaid payments plus Medicare payments for dually eligible patients for 1 year before and after the start of the intervention.
We then analyzed these payments for matched CareSouth and control patients using a "difference-in-differences" approach. This analysis compared the differences in payments between year 1 (preintervention) and year 2 (postintervention) in the CareSouth group with differences between year 1 and year 2 in the control group. Our hypothesis was that patients in the CareSouth and control groups had the same expected payments before the intervention, but that there were significant differences in payments between CareSouth and control patients after the intervention. The difference-in-differences model captures these effects. Our generalized linear regression model was (1) where i indexes patients and t indexes the time period. Thus, y it is total Medicaid payments (plus Medicare payments for dually eligible patients) and payments broken down by category (e.g., inpatient, pharmacy, and so on). As eq. 1 illustrates, t is a binary variable that takes on a value of 1 if the expenditure occurred in the postintervention period, CS it is a binary indicator variable for the CareSouth group, and the coefficient on the interaction of t and CS, ␤ 3 , provides evidence for whether the post/predifference in total payments between the CareSouth and the control group was significantly different from 0. The coefficient on the interaction term is the quantity of interest because it represents the difference in expenditures between pre-and postperiods for CareSouth patients and control patients. Finally, g is a link function for the generalized linear model. Because the expenditure data were highly skewed, as is often the case when health expenditures are examined, we fit the data to a generalized linear model, assuming a gamma distribution and a log link function. Note that the log link function transforms the difference-in-differences to a ratio of ratios and the results are in terms of multiplicative effects of team care. Because patients were matched on demographic and clinical characteristics, no additional covariates were included in the model (24) .
Analysis of clinical data
The objective of the statistical analysis was to determine whether patients enrolled in the CareSouth program experienced improvements in A1C, BMI, and SBP over time. We modeled trends in A1C, BMI, and SBP for the propensity score-matched CareSouth patients in the postintervention period only because comparable data were not available for the control group or for the CareSouth patients before the intervention. In addition, not all of the CareSouth patients had measures beyond baseline. Therefore, the number of patients studied in the SBP, A1C, and BMI analyses were 193, 171, and 67, respectively. The dependent variables were serial observations of the clinical measures. Because these are repeated measures, we controlled for clustering using random effects. The covariate of interest was time, measured in days since the first laboratory result in the registry. We also controlled for age, sex, and race. CareSouth clinic location was controlled for using clinic fixed effects. The final model was as follows:
where i indexes patients and t indexes time (measured in days from the first measurement in the registry), m it is a clinical measure for patient i in time t, x it is a vector of patient characteristics (age, sex, and race), z i is a vector of CareSouth clinics, ␦ i is a zero-mean, normally distributed random effect, and ε it is a zero-mean, normally distributed error term. For this analysis we first studied all CareSouth patients with two more measurements as described above. We then repeated the analysis using only those patients whose baseline measures were particularly high, defined as A1C Ͼ9, BMI Ͼ30, and SBP Ͼ140.
RESULTS
Financial data
Our analysis showed that average 1-year payments at baseline were significantly lower for CareSouth patients for nonhospital-based outpatient care ($2,096.60 vs. $2,940.80, P ϭ 0.025) and significantly higher for hospital-based outpatient care ($445.70 vs. $260.50, P ϭ 0.012) ( Table  1) . Differences in other subcategories of payments were not statistically significant, either at baseline or after the intervention (Table 1) . For CareSouth patients, average 1-year payments before and after the intervention rose in the postintervention period for all types of care except hospital-based outpatient care; for control patients, these payments rose for all types of care except inpatient care (Table 1 ). Figure 1 presents the estimates and CIs of the parameters in the difference-in-differences regressions. None of the differences noted were statistically significant except for hospital- 
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based outpatient payments, which was significantly lower for the CareSouth group. However, the apparent advantage of team care in this category resulted from differences in preintervention rather than postintervention costs.
Clinical data
Results in Fig. 2 suggest that among all CareSouth patients, A1C did not change significantly over time, but among patients with a baseline A1C Ͼ9 mg/dl, A1C decreased significantly over time. For this subset, the average Ϯ SD baseline A1C was 9.75 Ϯ 2.25 mg/dl and fell ϳ0.75 mg/dl per year (P Ͻ 0.0001). CareSouth patients had a starting BMI of 35.0 Ϯ 10.4 kg/m 2 and experienced an average decrease of 1.9 points per year (P Ͻ 0.0001). Among CareSouth patients with a starting BMI Ͼ30 kg/m 2 (40.1 Ϯ 9.5), BMI fell ϳ2.3 points per year (P ϭ 0.001). Similarly, among all CareSouth patients, SBP decreased significantly over time (Ϫ0.88 mmHg per year, P ϭ 0.014) and patients with a baseline SBP Ͼ140 mmHg also had a significant drop in blood pressure over time (Ϫ2.2 mmHg per year, P ϭ 0.035).
CONCLUSIONS -O u r a n a l y s i s suggests that patients enrolled in the CareSouth program did not experience significantly lower total Medicaid and Medicare expenditures than similar patients who did not receive team-based care. These results were true for specific cost categories as well, except for hospital-based outpatient visits, for which there was a small but statistically significant reduction for CareSouth patients. The results are consistent with findings from prior studies using less rigorous designs. Our analysis demonstrated clinically and statistically significant improvement over time in A1C, BMI, and SBP for the CareSouth patients, particularly for those patients starting with worse baseline levels. However, because of a lack of data availability, as described above, we were not able to measure clinical improvements relative to the control group. Nonetheless, the magnitude of our estimates for the clinical indicators is in the range of those found in the literature for similar interventions targeted at A1C and SBP in patients with diabetes (10,25). The drop in the BMI, both across all patients and for patients with baseline values in the high range of this indicator, is both clinically significant and unusual. The fact that care improved without changes in drug costs is noteworthy. This fact, coupled with improvement in BMI, makes it reasonable to hypothesize that better lifestyle management may have been the big driver.
Although we were unable to measure the intensity of the implementation of their quality strategies, CareSouth's intervention incorporated key elements of the CCM including a patient registry, patient education, facilitation of self-management skills, and, perhaps most importantly, the use of multidisciplinary teams. A meta-analysis by Shojania et al. (10) , comparing the most commonly used strategies targeted at reducing glycemic levels in individuals with diabetes, showed that interventions using multidisciplinary teams were the most effective.
As with all studies in this area, ours is subject to several important limitations. First, we did not have detailed clinical data for the CareSouth patients in the preperiod or for the control group in either the pre-or postperiods. This is not unusual, as these data typically are collected only when an intervention has begun. Second, our study may be underpowered to detect differences in the annual costs of medical care for patients with diabetes. This is an important limitation and raises the possibility that real savings from team-based care may not be detectable owing to chance, given our small sample sizes. Unfortunately, our exclusion restrictions, which are designed to identify a meaningful intervention sample, reduce the overall size of the analytic sample. Third, our study only examined costs for 1 year after implementation of the intervention at the CareSouth clinics. Selby et al. (26) provided a conceptual discussion regarding the returns to managing diabetes care and concluded that if returns are likely, they may not be realized until well into the future. A multiyear study by Wagner et al. (27) that compared patients with diabetes who achieve sustained decreases in A1C levels (i.e., a reduction of Յ1 percentage point) with patients who did not show improvement, noted that savings in total health care costs did not occur until the second year of the study. Unfortunately, our study did not have the data to follow the sample beyond 1 year, so we cannot rule out the possibility that the CareSouth patients might be less costly over the long run.
Finally, our sampling inclusion criteria mandated continuous Medicaid enrollment for 1 year after the intervention. Unfortunately, we were not able to identify the reasons for patients dropping out of the Medicaid program and consequently may have excluded individuals who died during the intervention. This factor could have an impact on the results if the distribution of exclusions due to deaths was significantly different between CareSouth and control patients.
Despite these limitations, we believe that our study advances the scant literature in the area of the financial and clinical impact of care management programs for diabetes. The strength of our study, relative to the existing literature, is the detailed control strategy to allow for comparisons with the intervention group in the financial analysis. And although we cannot rule out the possibility of longerterm savings associated with these programs, the fact that immediate savings are not found is an important message for policy makers and purchasers (including those in the Medicaid and Medicare programs) who often believe that shorterterm savings are likely.
We should note that CareSouth's motivation for this initiative was quality improvement rather than cost reduction. Value in health care often is defined as cost/quality. Under ideal circumstances, costs would decrease and quality would improve. However, greater value also can be achieved if either the numerator or the denominator changes in the appropriate direction. Pressure to constrain rising health care costs may cause purchasers and policy makers to place undue emphasis on the cost-saving potential of chronic care management strategies. However, until definitive evidence regarding cost implications becomes available, perhaps a more realistic perspective is warranted. Our findings suggest that although shortterm savings are unlikely, the proverbial glass may, in fact, be half full. Even if longer-term savings do not materialize, the findings do suggest that payers, in this case Medicaid and Medicare, received greater value for their dollars in the CareSouth sites after the intervention. Nevertheless, future researchers should seek to follow control and treatment groups for extended periods to provide better evidence on whether there is a return on investment associated with these programs over time. SPB 11, 15, and 167. 
